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ABSTRACT

The economic oerformance of Trombe wall and direct
gain passive solar nearing dasigns are evaluated

on a nattonwide basis using the LASL/UNM solar
economic performance code. B8oth designs are inte-
grated into a ranch style tract home concept thare-
py facilitating regional comparisons. Solar add-on
costs are estaplished for aach design with regional
d4ifferences in matarial and labor pricas accounted
for 2t sach site. System sizas are optimized
a3d4inst the natural gas and electric resistance
heating alternatives, the current price and future
sscalation of which 1s established for each locale.
Results for aach passive solar design are sum-
marizad on 2 state-by-state basis followed by a
discussion of their comparative economic pervor-
mance. Ganeral conclysions from the comparative
analysis are drawn aboyt the appropriateness of
each dasign in each redton.

1. INTROQUCTION

Intarest in dassive sular design has grown dra-
matically over the past several years. With this
growing intarest comes the need for a continued
avaluation of passiveesolar sconomic performance

as new and/or updated cost and thermal performance
Jata becomes available. [n this paper the aconomic
performance of two such designs--Trompe wall and
direct Jain--fs 1ssessad against the dackdrop of
regional enerqy prices and differing solar costs.

A representative site from eacn stata h2s hHaeen

selected for the purposas of comparativae avaluation.

Such an aoproach has limitations due %0 the possi-
11ty of divargent conditions within any state:
however, janeral pafterns of applicadility and
economic performance can be identified wnhich is
usaful for overall comparative analysis.

[n the section below we reviaw briefly the method-
olagy used. This inc¢ludes a 4iscussion of archi-
tectural dasign criteria, solar add-on costs,
thermal performance estimates, conventional energy
prices snd futures, and the sizing optimization
procedure. The metnhodology section is followed

¥Jark parformed under the auspicas of the Depart-
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oy a discussion of results summarized in tablas.
for a more thorough discussion of the detailed
methodology and additional background information,
on2 should refer %o the specific references listae
throughout the paper.

2.  METHODQLOGY

Five basic staps are empicyaed fn the macro {nation-
wide) evalyation of solar economic performance.
These are (1) the specifications of architectural
design parameters and passive revisions £o a con-
ventional tract homa, (2) the specification of

the annual thermal performance of the passive de-
signs using simplified methads developeq by the
LASL Q-11 Solar Group, (3) the estimation of
passive solar add-on costs which then are <oupled
with performance astimatas to calculate costs of
alternatively sized passive solar heating designs,
(4) the specification of conventional energy prices
and futures by locale, and (5) the determin:tion

of the aconomic competitiveness of the various
designs based upon life cycle cost and cash flaw
analysis matnods using the LASL/UNM solar acanomic
performance code.

2.1 Design

A stand3rd tract nome design Of approximace!y

1500 fte is altared %o accomrodate the louol2
9lazed Trobe wall ind iirect qafn desfgns (1,2},
The home is assumed to de situated on 3 relatively
standard sized singla famiily residential cirty lot
{70 % 110 ft.) and to be oriented due soutn “or
maximum possible glazing area exposure. 3ecause
we wish to comuare both passive designs on a fairly
equal basis, the ratio of glazing (collector) irea
to storage mass volume is kept constant in the
design specification and thermal performance asti-
mates., For Eoth Jesigns that ratio fs_such that
for avery ft< of qlazing there ii 1 f£¢ of 13 in,
thick storage (5.5 fe9), oy 2 fte of 9 in. thick
storage, (1.5 ftd), or 3 f£° of 6 in. thick storage
(1.5 "3}, and so forth. In the Tromba wall de-
sian, ?Iazinq Area always gquals mass surface irea
sc an 18 in, thick wail 1s assumed (3,4,5). For
the direct gain design we look at two gotions.
First, fur the 8 ft. high soutn wall glazing the
mass s comprised of a g in, slab 15 #t. deeo,
which abuts %0 an 3 #t, 8 in, thick intarior mass
wall. Second, 4 ft. nigh clerestory windows ire



used which collect solar anergy to bLe stored in an

3 ft. high, 3 fn. grouted CMU vertical! north mass
~all veneeread to conventional frame wail constryc-
tion. 3doth configurations allow for a glazing/mass
ralationship consistent with the 18 in. Trombe wall.

2.2 Performance

Resylts from modifiad solar-ioad ratfo correlation
procedures caiculated by tine LASL Q-11 Solar Group
{5,7.3] are used to estimaii the solar performance
(3) of aach passive design. Far each solar rfrac-
tion from § to 95 percant, a calculated LOAD/AREA
(Btu/00/ft¢) ratio from the simplified serformance
tables 1s divided into LOAD (Btu/0DD defined for all
surfaces other than the south wall) to qive us AREA
(f*¢) reguiremenis for each desired level of sogiar
fraction by location. With and without R-9 night
insulation cases are examiried ror each of the
nassive designs.

2.3 Gosts

Salar add-on costs are isolatad “rom the ysual

rract home huilding costs for both Trombe wall and
direct qain designs. The Tromoe wall costs have been
iiscussed in detail previously (1,3,5,10) and only
ire suymmarized celow. A detailed breakdown of
costs usad for the direct gain design 1s contained
in Table 1. Nota, therm ars two basic options--
south facing windows and/or clerastory windows--
wnich may be usad together or individually in a
spacific dasign. In the aconomic parformance
avaluation all three possibilities are considered.
No wall credit 1s given to the clerestory dasign(11)
Decause 1t was ‘ound to be more cost affective to
olace the storage wall as a veneer immediately in
front of the fra-ad exterior wall than to make the
storage wall Toad bearing with interspersed windows.

To axamine sensitivities, three sats of costs are
used for the Trombe wal, design. Natfonal avarace
Janit costs for the 18 {n. doudble glazed Trombe wall
1egign are assumed to be 39, €13.50, and 318 par

fte of 3lazing when night iniulat1on s axcluded;
and 512, 3573, and 324 par ft€ of glazing with night
insulation inclyded in the design {(1,3,5,10).

For <he direct gain design (18 in. equivalent
storage and double qlaz1n9), the costs are $3.50,
312.25. and $19.60 per ttc of glazing without in-
clusiog ot nignt insulatton; $14, 516.75, and $2%
oer ftc with nignt insulation included. The 512.25
and $16.75 costs reprasent a 70/30 mix of south
facing to clerestory windows in the direct gain
design. The remaining cost figures are for the
individual options with south facing windows ax-
hibfting the lower unit cost (Table [).

Thase natignal average cost figures were construc-
ted by solar enginsers and architasts assocfated
with the stud{. Costs for both dmsigns are ad-
Justed to retlact regional differences in material
pricey and labar rates by using Mean's (12) 1978
Construction Cost [ndices. Total ($) and average
(3/70" Bty) costs far three representative solar
fractions (.20, .40, and .50) for each of the 48
continental statas are displayed i{n Table [I for
the Tromoe wall with night ingulation design, and

in Table {II for the direct gain with night insula-
tion design. The <osts ire basad upon “nhe national
average $18 and §16.75 (70/30 mix of south facing
and clerestory ~indows; per *t¢ of glazing for the
Trombe wall and direct Jain design, respectivaly.

2.4 Conventignal Snerqy Orices and Futuras

ATthough we nave 2xamined many alternative 2nergy
futures, only two are used in the economic perfor-
mance analysis reported herea. A 1977 state-by-
state energy data basa for natural gas [5/"CF) and
alactricity {c/Kwh) prices has been constructed
previously (5,13,14,15), Two altarmative annual
escalation rates (in real inflation free terms) are
used 7 project Tuture prices fcr each state: 4
and 5.5% for natural gas, 0.5 2nd 2% for electric-
ity. Equivalent delivered heating casts 4re :on-
structed by transforming these fuel orices, ifter
adjusting for anergy conversion efficiencies, into
a $/10% Btu measure.

1. M PTIMIZATION AND ANALY

[n tne actual economic performance 2valuyation we
employ a variant of 1ifg cycle cost analysis (1,
3,15.16). Reduced to its simolest form, we avaluate
a saries of home heating systams thit include a
solar component providing anywhere from 3 te¢ 95
percent of the required heat 0 detarmine the
economically optimal mix of sola and convantional
Back-up systems. The net preseant salue {NPY) of a
solar addition (discounted present valye of solar
systen Dena®its minys solar system s0s%ts) ovar the
system life is maximized. This is exactly eguiv-
alent to minimizing the cost of delivered heat to
the home over a scacifiad life time. Soec!*ic
values assumed in the ecnnomic performance analysts
with tha LASL/UNM code ire as follows: system life
« 30 sears, real intarast = 3.5 percent, inflation
rata * 6 percent, nomina' interest ~ate [discount
factor)= 3.5 oarcent, mortgage rate = 3.5 cerczent,
operating and maintenance = 1 percent of sysiem
cost, and solar costs and alternativa anardy 20sts
as discussad above.

1. REQULTS

The results reportad here ire -armed oreiiminary,
because efforts are continuing to refine botn the
1{fe cycle cost methodology (LASL/UNM economic
performance code) and the parametar values employaed
in that mathodology. However, this paper does con-
tain the first presentation of 3 nationwide (state-
by-state) assescmant of dirmct jain solar fsasi-
bility. (Tromba wall nationwide feasibility,
albait under dtffering assumptions about anargyy
futures, has been addressed praviously (3,5,10).)

A summary of case descriptions {¢ prasanted in
Table IV. This table sarves as the key for fnter-
pratation of the {nformation contained {n Tables V
- VIII which purtray the economic performance
results (solar fraction only) for hoth the Trombe
wall and direct gain desijns with inclusion of the
night fnsulation optian. (41Though included in our
analysis to date, results for Doth designs without



the nignt insulation option are excluded from the
tablas. In the following discussion, however,
general patterns of solar competitivenass for the
Trombe wal! and direct gain designs withoyt night
insulation are addressed.) For individual design
comparisons (differing solar costs and energy
ficures for each design), equivalent add-on costs
are assigned Cases 1 and 4, 2 ¢nd 5, 3 and 6. The
Tower fual escalation rates are applicabie for
Cases 1 - 3, the higher rate for Cases 4 - 6.

4.1 Nagural Gas Comparison

From inspectian of Tables V and VII, several items
are noteworiny. First, for both the Trombe wall
and direct gain designs the geographical patiern of
solar feasibility is generalily equivalent as costs
are vaE'led. At the higher costs (3524 and SQS

per ft¢ of :lazing), solar competitiveness occurs
in the New England, Eastern Seaboard, and Pacific
Northwest regions. As costs are lowered, stutes
are oicked ug in the West, North Midwest, and
South; and at the lTowest of the three prices (512
and 314) mid-American states finally join the
feasible set. With night insuiation the Tromoe
wall design does slightly better (more states
feasible at the higner costs tiers) than dirsct
gain, Optimal solar fractions are equivalent in
over half the feasible states--almost all states at
the higher cost figures--with the Trombe wall de-
sign having the edge in most of the remaining
feasible states.

When night insulation is exciuded, the Chio and
Mississippt River Valley and Midwest states are

the last to achieve solar comoetitiveness as add-
on costs are lowered. Also, the direct gain design
now does somewhat bettar than tha Trombe w. .1 de-
sign in that more_states are feasible at the higher
$19.60 and ‘JA/fte costs. Solar fractions are
Jsually equivalent for bocth designs.

The year of solar feasibility is usually later than
1978 or 1979 for all states under the two higher
add-on cost 'eve! and for southern ind western
states at th- lowest cost. The importance of night
insulation for the Trombe wall design is apparent
throughout the nation. [n the majority of states,
the percentage {ncrease in performance cutweighs
the oercentage increase in cost due to night in-
sulation. However, for direct gain, this seemingly
universal trend does not hold. Adding night in-
sulation improves eccnomic parformance in the
northern tier. The performance increase outweighs
the cost increase in the north, while the opposite
holds in the south. Curiously enough, in the
southern tier of states, direct gain without night
insulation economically outperforms the Trombe wall
with night tnsulation. [n the northern latitudes,
the Trombe wall with night insulation outperforms
th-. direct gain design with night insulation. So
it appears that Trombe wall with night insulation
is best for the north and direc* gain without night
fnsulaticn best for the south. This is a prelim-
inary resuit, but quite interesting. As a final
note, both designs compete much more favorably
when the real natural gas escalation rate f{s

rajsed from 4% to 5.5%. Because the initial price
levels of gas are relatively low, this 1.5% increase

nas a substantial incremental effect on the annual-
ized cost of natural gas, and hence upon the solar
economics.

4.2 glectric esistance Comparison

When elestric resistanc2 is contrasted against the
Trombe wall and direct gain design (Table /I and
VIII), solar add-on costs are not nearly so criti-
cal as against natural gas. Cxcept for states in
the lowar Mississippi Valley, Ohio River Yalley,
and Pacific Northwest regions either design
achieves solar competitives in 1978 (at the 0.3%
escalation rate) acrgss the U. S. at the highest
cost ($24 and $25/ft¢ of glazing). Without in¢lu-
sfon of night insulation, this geographical pattern
for cost comparisons moves into the midwest for
direct gain, Central Plains states for Trombe wall.

Optimal solar fractions are generaliy higher for
the direct gain design (except in the rorthern tier
states) than with the Trombe wall design at the

two higher cost levels. At the lower cost level
the solar fractions are uysually equivalent, with
both designs at their physical sizing limit in many
of the sorthern tier states.

Contrary to the natural gas case, against alectric
resistance both the Trombe wall and direct gain
designs do better with night insulation than with-
out at the optimal system sizes. In the case of
direct gain this would indicate that nignt insula-
tien becomes relatively more important as system
size and night time losses 'on a per square foot
basis increase.
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TABLE

QETAILED COST* SREAKDOWM FOR DIRECT SAIN
(8722 of Glazing)

$South Faging Windgw Go3t®  Clermscory Windgw Cogtd
Glaginge~3lass (Tempared) 3lazing~=Glags (Nonscemp~red)

doutia 2 93/18" 3.54 double 2 93/16" 2,38
Framing -- Framing --

401 8 e 2arey 2.88 4' x 10' = 28ft, 2.i0
Header T-im or Overhang 1,36 Roaf Structure 4,98
Concrete Stab -~ Concrete Block

2" additional 1.74 [ [ 1]
Concrete Block == Foo:m’ .

8" .37 8" foundation 1,48
[nterior Wall Credit (1.10) No Wall Credit) -
Extarior Wall Credit (2.21)

E ] -

Total System 9.5 Total System 19.80
Night [nsulation (R«9) 4,% Night [nsulation (R-9) 5.40

+0ollar Costs are for National averages.

tincludes both materiais and lador.
fSea tant for explecation.



TABLE (I
ATAL (S) AND AVERAGE® (s/10% aty) cosT FOR
REPRESENTATIVE SOLAR FRACTICONS

TROMBE WALL AITH NIGHT INSULATICNT

State .20 .40 .50

Mo =t AC i AC
Alsoema 2 3038 152! 3809 !9.3%
irizone 354 1398 16.33 3302 19,38
Arxansas 719 3886 149.7 -~ .-
Zaltfarnra 308 1923 1.2 3221 5.8
Colorado 2381 5194 14,33 . -
Jonneczicyt 2538 4003 15.31 - L)
Jelavare 2643 &73  22.30 . -
Floriga m 3%3 25.3% 506 29.28
Georgia 1502 419 2.9 5196 21.54
{dano 2318 §327  14.92 - ..
[111n04s 3417 80%4 21,30 - .-
‘ndiang 2988 798 19.12 - .=
wowa 3238 0 18,22 .- -
‘ansas 2569 9347  17.39 -
<entucky 2864 5 22.13 -
LJuisiana 1342 229 22.1 %29
“aine 2332 4584 13.36 .-
vary!lang 2174 %037 18.30 .- .-
“assacrusetss 3229 mr .8 - i
vicnigan 1979 -~ .- - .-
“innesota 3992 .- e D .-
Migsigsizol 1409 340 22,28 498 25.32
4igsourt 2303 5578 .t - -
“gnetana 2959 2308 131.32 - -
‘legraska 294 6818 15.39 - -
evaca 1249 W16 15,12 1997 3.7
‘lew amognire 37 s Pos pos ..
‘lew .ersey 29683 537%  22.1s va b
‘lew Mex160 1835 3628 12,34 3441 15.32
ew fork 3483 8067 29.353

Yoreh laroling 1430 1383 1507 3922 18.35

‘igren Zakota 3298

Thia 1188 I P . e
Jklanoms 1837 H§7 17,31 7348 20.40
Sregon 137 5675 18.33 .. -
Jeangylvanta 1738 3533 3.4 - -
Moaw [slang 2730 5323 18.50 - -
Souzn aroline 329 2069 15.79 3613 13,38
South Jakots 2505 8048 12,78 .- -
Tennessee 1363 4187 '§.32 So e
Texds 1200 373 18,38 5095 3t.31
Lian 227 3841 13,20 = b
iermant 4182 . s - P
Hrginia 2027 4894 18,37 - -
dagnington 2409 883 21.33 - .-
sest /irqnia 3389 7389 23.7 .- =
dissonsin 3401 . - . .- .-
dyaming 281§ 11,33 5244 13.12 - i

7C o Total lost AC e« Average Cost

.= The Jarticular zasign SonTiguracion evaludtad ~ers linnot
suooly sufficient meat <o neet tnis f=actisn (3nysical ione
struction iimitationg),

*See loach, 2tai. (1979) “or aerivacion af jverige <38t “‘Ormuli-
won.  Parametar ‘alues dstumea: ~eal ~ite 3f ncerest ¢ (238,
fnrlation racs « .36, noregage ~ate = .J9Y, J0erating ing
natntendnce = .J!+(system Costi, ana systam [{fw « 12 ;edrs.

stattonal 2ollar :ust 3¢ §18/#52 of glazing 13 aajusisd
regionally dy using reans (1978).

8Lz il
“aTAL ($) ANg AvERAGE® 5/107 3Tu; cosT FoR
EPRESENTATIVE 3OLAR “RACTIONS
DIRECT GALNM WITH IGHT [MSULATIONT

State .29 .40 .50

6 AC A 5 i
Alagama 383 7 0. 2708 2.1
Ar-zome 129 337 10.3i 1§63 12,28
Arkansas 378 28 2.7 g2 5.
Salifornta 337 3 3.36 493 3,39
Colarado 2317 35088 '3 .- oS
Connecticut 1530 1648 12,31 bod -
Jataware 1267 28385 14,13 £173 15.%
Flartda 31 170 16,48 217 17,33
Geogta 7%4 1738 12,12 29 13,93
tdano 1209 2944 10,43 5887 '1.97
{Nincis 1397 4539 13,32 -~ -
{natana 1822 964 14,29 - -
lowa 1333 7 11,38 - .
<ansas 1338 296 11,12 38 15,37
Lentucky 1572 31782 14,33 - .-
Louistana 531 1484 11, 2448 3.31
Maine 138Q 3748 .0 - -
“aryland 1143 2548 12,39 4747 35.%9
Masracrusatts 1300 4236 15,35 o= -
Micntgan 2220 3322 16,32 -~ -
M{nnesota 2224 35%2  13.30 -~ -
Migstssiont ha | 603 15.:3 2759 TG
11ss0urt 1496 3578 11,58 3332 8.3
Montana 1638 3943 0.3 -~ -
‘lebrasks 1318 3163 N 3884 *3
levaol 521 1398 10,48 2306 (2,28
New Hamosnire 218% - . . -~
Nev: Jersay 1635 3865 16.31 .- -
Mew Mexico 127 1841 31 e 0.7
Yew fark 1873 43313 13,33 - -
Noren Carvling 753 1738 132.38 2982 12,04
nar=n Daxory  18%9 474 11.09 s -

Mto 2452
QJklahoma ELD)

Jregon 1213 2937 12,38 3793 v5.50
Penngylvania  21C0 099 '7./Y - .
Rhode [slang 1342 1818 12,39 -

South Caroitna 453 328 9.8 1720

South Oakoca 1422 1326 3.27 .-
Tennessae 382 2335 1138 4222

Texas 548 1423 12,28 07

utan 1243 2938 2.3 3287
‘lermant 2991 . . .
lirginia 1089 885 2.3 1157
AasningTon 1284 1227 .36 .-

West Ytrginra 1900 &80 3.3 - -
Aiscansin 1982 1933 1.3 = .
Wyoming 54 3484 3,43 571 11,18

TC = Total Cost iC « Average Cost

ee The sarticular tesign confiquricion avaluateg tere Zianst
suoply enougn nedt 3 Meec Inis ‘raction (physical ispstruction
Ifmizacions}.

<$ae l04ch, ¢ &l 1979 ‘or dgrivatisn 3f dverage 13t
surmalacion.  2arameter values issumed: ~edl ~1te If ‘ncerest
s ,238, inflacian ratg » 06, rortjaqe ~1Ce ¢ (29§, soeratinyg
ind maintenance ¢ .J1 (Systam 23st), and system [ffe « 13
jears,

thationsl deilar cast of 314/#¢% af glazing {3 adjustes
regianally By using Means (1979). “he §18/%8< of jlizing
sssumes only soucth Fecing winaows. For tne .70/.30 saite
(souen facing window ta slerestory sindow ratia) used in
she analysis, he adove §valuas tnouid de multtfolied dy
1,20, For an all zlerestdry 23t ihe above saluas snoutd
be nulciplied 3y 1.3,



TABLE [V

DESCRIPTION OF FHE CASES®
CASE FUEL TROMBE WALL TROMBE WALL
T WITH

NUMBER  ESCALAI.WN  WITHOU

NIGHT [NSULATION  HISHT INSULATION
(1/%22)

RATES
(PERCENT)  ($/ft2)

DIRECT GAlNS
WITHOUT

N{GHT_[NSULATION
(5/F62)

OIRECT GA[MS
wiTH

NIGHT_[NSULAT 10N
(3/F42)

1 1 9.00
2 1 13.50
3 ' 18.00
[} F] 9.00
H 2 13.%0
[ 2 18.00

12,00
18.00
24.00
12.00
18.00
28,00

9.50
12.25
19.60

9.5
12.25
19.60

14.00
16,75
2%.00
14.00
16.7§
25.00

+The Trombe wall and direct gain Jesign without the night insylation option are
excluded from discussion of regults in this paper (Tabies v - ¥[I]).

{Fuel Escalacion Rate (percent}

Fuel e N
Natural Gas 5.5 1.0
Heating 041 4.0 2.0
Electricity 2.3 0.5

These dollar costs assume (1) 2111 south facing windows - Cases | and 3, (2} .79 south facing
windows and .30 clerestory windows - Cases 2 and 5, (3) 211 clerestory wingows - Cases ! ind 6,



TABLE v “ALE N

SUMMARY 3F JESULTS FOR TROMSE WALL W(TW MIGHT INSULATION ' SUMMARY OF QWSULTS FOR TROMBE 4ALL 417H IGHT INSLLATION
ALTERMATIVE FUEL - NATURAL 333 ALTSAATIVE SUEL - ELECTRICITY (RESISTANCE)
SOLAR FRACTION® . SOLAR FRACTION™

STATE CASES STATE ZASET

! 2 3 4 S § 1 2 2 i H H
Alaoesa 28 22 ] it ] 20 2 Alapama 35 45 0 33 30 <3
irtzane 30 n b) 3 2 29 Arizona 73 EE] 3 30 by %0
Arxansas 29 b) i 29 20 ] irkansas 33 0 7 33 15 29
Caltdamia 20 26 3 35 29 bo) California T2 50 3 10 bge] 3
zalorado 29 3 J 2S 20 ) Colorade 35 EE) <0 €5 335 a5
Cannecticut 45 20 20 35 0 20 Canneczicut 4 i 45 48 ] 43
Oelawere 20 9 0 30 20 20 Yelaware 50 45 25 0 $0 as
Flortica 20 q '} 20 4] qQ Flarida 50 15 Q 7 53 28
Georqia 20 9 Q 20 20 Q Gaorgia §3 30 10 L+ £ 45
faang 15 30 20 15 40 10 [dane 35 30 p) 43 40 25
AL 0 ) b 10 29 20 THirgis ] 3§ 20 49 £ 30
inatana 20 J b] 25 0 29 ‘ndiana 40 40 29 20 L) 318
lawa 23 3 b 28 23 29 owa 0 0 25 3 0 0
ansas 0 3 ] 20 20 ) Qnsas 1§ s 9 15 5 5
{antucky &0 20 3 3 20 22 Keneusky 15 21 b] 15 10 20
~uistana 2 3 b} i 2 bl Louisiana 1§ )| b 33 35 20
Yotae 8 W4 0w vaine 10 10 10 : i i
vaiylang 38 29 o] 30 2 29 varyland 30 30 15 b] 59 30
vassachusesss 90 22 29 W 2% 29 Massachusecss Eh] 40 30 %0 9 0
Hicaiqan 20 29 J 38 20 20 Mentgan bl 15 20 38 3 30
“innesata 5 2 3 315 20 23 Minnarota 35 5 i€ 15 15 35
Mig3138100% 29 b] b] H kD] )] Migsig3ippi 50 20 p) n H 15
“Hegours ] p) P 20 29 9 vissouri 50 ] 29 § 30 38
Yoneand 10 29 3 & 20 3 dontane 9 L] ] 49 2 30
‘lagriska 2 3 ] 25 20 20 Veorasxa i «Q H 9 9 4
levagd 20 22 b 0 20 29 Nevada 53 30 28 i) K] i
New Mamosnire 0 28 20 i0 30 28 Haw riamoshire 10 30 30 0 13 0
Naw Jersay 15 29 20 45 25 20 New Jarsey 15 45 35 i 48 1§
law Vaxiea 2 20 b 45 29 28 New Mexico 33 50 23 43 53 49
Yew farx 2 20 g L) 20 ] ‘taw Tore 15 18 0 1§ 5 43
Yorth Carslina i 29 0 50 30 20 , ween Caroling 30 % q 50 50 i3
oren Jakata 29 20 9 s 29 3] Nortn Jakota 3 38 bi ] 13 35 1S
Shio 20 9 Q 20 20 3 onis 18 kio] p] k1] 38 28
Jk lahoma q Q 9 20 J b} OkTanoma 50 4Q 29 ED] 33 +Q
Qreqon 3 20 ] 9 28 29 Ireqon 90 20 b} 3 30 20
Janngylvania it} 29 ] k] 29 e dennsyivania 1 15 20 b 0 5
2hode [slang 4 i 0 4% 4$ 10 Ancae island 3] i5 1§ 5 43 5
Soutn Sarating 29 20 bl 4 29 0 South Carsiina 3 E] i3 '3 L] 33
dquen Jakate 25 23 3 9 20 20 South Jakotd 43 i 43 i5 45 15
Teannessae 29 1 b} 20 0 29 Tannessae i§ el 3 33 4 bl
Texas 2% 2 ] i3 1 29 Texas 53 15 i% 0] i3 )
Jtan 27 J 9 25 22 b] itan 30 < 30 30 39 35
/ermort 30 25 20 30 i 2 {armant 3 30 30 10 9 30
/irginta PO R T T Tirginia 55 3@ w 3% 3
Adsatingean 25 29 bl ] 20 29 4ashiagesa 3 2 3 20 3 2
dest /irginia o] b] b 28 20 0 West /irginia 50 10 2 a0 19 ¢
disgznstn 18 29 20 33 25 20 4tseansin bH ? 10 35 28 s
nyoming bi] 22 3 i Pis) 20 dyaming ED) 1% kD) H 39 4z

€ ~=ingfcatas o ‘sasidilizy. 0 --inafcatas 10 “easivrlizy,
~Sqprassed ‘n cercentiga cerms +Sxpragsad in sercentage cerms

- - 4 : - NS . et D
Ses “anle [/ ana matn text for 4 lescription of the cases 2See Tapie [V 1nd main taxt ‘Ir 1 sescristian 3f ne casas.



TRBLE i1t ' EUTTH

SUMMARY P TTULTS FOR JIRECT AIN WITH CL{GHT INSULATICH SATURY OF ESULTS FER DJAECT A WITH NIGHT INSULATION
ALTEAMATIVE TUEL - ATURAL 3A$ ) ALTIRMATIVE FugL - HLECTRICITY (RESISTANCE)
SOLAR FRACTICN® SOLAR FRACTION®

STATE CASET STATE TASE

- 3 J A i i 2 3 3 3 H
Alacam b} kD) ) 38 10 20 " "
irizons 2 3 5 @ 0N Hansma EEI ¢ BT B
irvansas b2} D] 3 23 k] » Arizona D 78 3 ko) 30 e}
Zaltiornia PR 308 B R iransas - SO B - B
Zaiorade ) 3 1 3 3 caltformia R SR R R T
Cannecticut 5 20 2 BN 0 » . Calorado @2 9 8§ 0 2
Jelaware 20 20 9 30 20 2 Zannecticuc 50 5 43 H e el
*arida s 28 3 »® 0 B Daiaware 6 R 0 s s 33
Georgia 2 @ 9 ® 2 20 Elortda 5 & 28 v i
icano FCO R N T I B Georgia $§ & w0 53 %
I1linots bl 29 3 9 bL) 20 idanc 4 : 29 55 § 0
naiana b 20 3 2 28 7 {1linois 18 38 K 0 13 28
Towd 2 29 3 29 0 L] inaiana i 35 ) 30 50 3
<ansas : B b 20 ED] 3 owa 48 1 25 3 45 13
<antycxy ko 2 3 2 29 29 Kangas 9 i 3 30 0 15
_3u1sana : : 3 1] 0 3 Lentucky 3 28 3 8 s 29
natne 30 g 1 30 3 ED] Louistana 55 13 9 55 0 25
“aryiana 8 kL] 20 53 0 n “aine S E L) 30 E :
vassacnusanss 28 29 1 15 38 2 Marylang 55 49 8 35 35 35
wichigan 0 Eb | J 23 2% 29 “assicnusects i F 30 i 30 F
“innesota 29 20 3 28 20 29 Micaiqan 45 35 p) 35 4 5
1i35i581001 20 b 3 ) 0 ) Yinnesota 4 ) 0 30 ) 39
“tssourt 20 ) 3 bL] 9 23 #ississiont §3 i3 20 3 i i5
“gntana 2 20 3 35 b 20 Hssaurd D) 4 23 30 30 35
Yegraska 19 1 b} 30 20 20 “ontana 8 0 ) g 3 3
tevade 2 29 b] 4 20 29 lebraska £ o 30 i 55
dew damosnire 30 25 29 18 20 levaca ™8 @ 3 N 33
Yew Jarsay E 0 20 1 38 20 lew ramosnire 15 35 10 3 35 15
Yew Yexica 0 T 0 2 Yow Jersay L R T
Yew Tark 27 b1 9 5 20 20 Yew Mexica 7§ b 53 0 3 53
ioren Carolina 43 38 20 30 35 20 dew forx - R R T
oren Jakata 29 20 b] 28 20 ¢ dorth Careling 7Y i3 EH 2 7 53
Shio 9 ) 5 20 20 9 lO'_'!ﬂ Jakota 15 B 38 i 15 i
Sklanoma o} 3 3 20 29 3 dhie 10 28 3 ] 9 0
Jreqon 8 20 20 a8 18 20 Ok lanoma L] 33 25 0 33 3
denngylvanta 20 29 3 2 Eo} 20 Jdregon 8 30 3 15 ) b0
hgde lsland 33 49 P2 3 35 15 Pennsylvania 15 15 0 15 5 10
South Zarolina 29 D] ) 18 20 2 3hode [slane 33 53 0 33 33 33
soutn Jaxeta 29 29 ] 38 0 ED) South Cargling 7% 3 30 10 73 35
“annesses M el 3 ED] 2 1 outh Jakota 53 i 33 33 i3 i
“axas 1% 20 3 33 10 28 Iiﬂnnsu ED) 3 bl i3 W@ 20
Jtan 0 ] b 28 29 b “exas 73 53 n el el 5
armant 30 29 E] 15 33 29 dtan 53 3 30 33 35 i5
Mrgtma IR, L i3 18 0 Jarmant 28 35 23 35 35 b
Atsnington 2 20 F) 18 25 20 uirginia 33 33 30 35 35 5
aest /irgimia 29 3 3 0 29 p) Aasnington 9 b b 29 29 b
4fsesnsin 20 29 D] ] 25 29 Aest /irginty i 33 2 i ) a5
Jyoming 25 29 9 35 15 2 Afscangin 25 15 2 i5 15 19

ayoming 30 tH 0 39 5 18

—indicatas 10 ‘easidiitty.
~IxOres3ad N Jersantiga terms
=Ses “10le 1V 1ng Main cext ‘or 3 Jascriation 3f ine cases,

M -=indicatas no “easisilicy,
~£.0ressed 'n ercantice t.Ms
sSee Tadle (Y ang TaIn caxe for i dscription 3F the cases.



